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(54) ANTENNA SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To miniaturize the configuration of an antenna system, to 
prevent the number of components from being increased, to minimize the leakage 
current and to prevent the frequency characteristic from being made narrower. 
SOLUTION: This antenna system is provided with a 1st antenna element 2 which is 
connected to a center conductor of a coaxial feeder 5, arranged to be extended along 
an axial line direction of the coaxial feeder 5, and whose tip is folded, and with a 2nd 
antenna element 3 connected to an outer conductor of the coaxial feeder 5 and 
whose tip is folded. Thus, the configuration of a dipole antenna of a 1/2 wavelength 
system can be made small and the antenna system can be installed in spite of 
restriction of an installed place and the increase in the number of the components 
can be prevented. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Antenna equipment which is equipped with the 1st antenna element by 
which it has been arranged so that it may meet in the direction of the main 
polarization mostly, and the point was bent while connecting with the central 
conductor of the coaxial feeder arranged so that it may meet in the direction of the 
main polarization mostly, and this coaxial feeder, and the 2nd antenna element by 
which the point was bent while connecting with the conductor outside said coaxial 
feeder, and changes. 

[Claim 2] Antenna equipment according to claim 1 characterized by establishing the 
notch or crevice for establishing distance between said coaxial feeders in the part 
approaching said coaxial feeder in said 2nd antenna element. 
[Claim 3] said 2nd antenna element — ******** from said coaxial feeder — the 
antenna equipment according to claim 1 characterized by having arranged like. 
[Claim 4] Antenna equipment according to claim 3 characterized by preparing the 
notch for establishing distance between said coaxial feeders at the point in said 2nd 
antenna element which is bent and approaches said coaxial feeder while arranging 
said 2nd antenna element so that it may become slanting to said coaxial feeder. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the antenna equipment used for the 
mobile station (terminal) of mobile radio communications systems, such as a cellular 
phone. 
[0002] 



[Description of the Prior Art] As an antenna by the side of the terminal of a mobile 
radio communications system, two kinds of antennas as follows are used. One is the 
antenna of a 1/2-wave system, for example, it is a dipole antenna, a sleeve antenna, 
etc. Other one is the antenna of a quarter-wave length system, for example, it is a 
monopole antenna etc. Among these, since the antenna of a quarter-wave length 
system serves as the configuration of having the grand plate connected to a 
conductor outside a coaxial feeder (coaxial cable) while usually serving as electrical 
length more than the quarter-wave length of the electric wave (frequency) which the 
magnitude uses centering on an antenna, the magnitude becomes quite large. For this 
reason, depending on constraint of the installation of an antenna, as for the antenna 
of the above-mentioned quarter-wave length system, installation might become 
difficult. 

[0003] Moreover, with the present mobile radio communications system, since it is 
the radio between the base stations and mobile stations in land, a desired incoming 
wave is considered to be horizontally (namely, direction almost parallel to the earth) 
mostly to the direction of an elevation angle. However, since those directional 
characteristics generally have the directivity of the direction of 30 elevation angles or 
more while having the grand plate (this grand plate cannot say it as an electric 
sufficiently big gland in addition) of radius quarter-wave length extent (it becomes 
gain high about this direction), the antenna of a quarter-wave length system has the 
fault that directivity is not in agreement with the direction of a desired incoming wave. 
That is, it is thought that the antenna of a quarter-wave length system is not in the 
optimal condition on the design of a wireless circuit. 

[0004] on the other hand — although the antenna of a 1/2-wave system serves as 
electrical length which is about 1/2 wave of the electric wave (frequency) which the 
magnitude uses — a line (or band-like) — since it can constitute from a member of a 
configuration, it can miniaturize considerably so that it may correspond to constraint 
of the installation of an antenna. Moreover, it can be said that they are in the optimal 
condition on the design of a wireless circuit since the directional characteristics of 
the antenna of a 1/2-wave system have directivity strong almost horizontally. 
[0005] On the other hand, the antenna of a 1/2-wave system has composition of a 
balanced system, in view of the electric transmission system of a RF signal. On the 
other hand, as a feeder which connects between an antenna and walkie-talkies, the 
coaxial cable of 50-ohm system is used in many cases, for example, and this coaxial 
cable (coaxial feeder) is the configuration of an unbalance system. For this reason, in 
the electrical coupling point of connecting the antenna of the 1/2-wave system of a 
balanced system, and the coaxial cable of an unbalance system, the leakage current 
occurs on the front face of the outside of a conductor outside a coaxial cable. 
[0006] And when the antenna of the above-mentioned configuration was used as an 
object for reception, there was fault that the incidence of the electric wave to the 
outside of a conductor had a bad influence on the directivity pattern of an antenna 



outside a coaxial feeder, according to the above-mentioned leakage current and the 
received current which flows an antenna element top. Moreover, also when the 
above-mentioned antenna was used as an object for transmission by the reversible 
theorem of an antenna, there was fault that the almost same bad influence occurred. 
Furthermore, by the coaxial cable at the time of antenna installation crawling, by the 
difference of *♦**, since the cross coupling of a coaxial cable and an antenna 
changed, the adjustment condition of an antenna might be affected. 
[0007] Now, it considers as the configuration which reduces interference with the 
above-mentioned leakage current and the current which flows an antenna element 
top, or the configuration which prevents generating of the above-mentioned leakage 
current (or small as much as possible), and the following five configurations are known 
conventionally. 

[0008] First, as 1 st configuration, from the feeding point of the dipole antenna of a 
1/2-wave system, there is a configuration it was made to make a coaxial cable creep 
out in the direction which intersects perpendicularly with an antenna element, and it 
is widely used in the world as a standard proofreading antenna. With this configuration, 
as shown in drawing 1 1 , although it is physically close, since the large place of 
current distribution 11 and 12 lies at right angles, association of the outside of a 
conductor 24 is zero fundamentally outside antenna elements 21 and 22 and a coaxial 
cable 23. Moreover, in order that distance may leave physically the large place of 
distribution of voltage V1 and V2, electrical coupling becomes small too. 
[0009] Next, there is a configuration called sleeve loading as 2nd configuration, and 
there is a sleeve antenna indicated by JP,10-126144,A as an example of this 
configuration. Generating of the leakage current can be prevented also with the 
sleeve antenna of this official report. 

[0010] Moreover, there is a configuration called sleeve + choke loading as 3rd 
configuration, and there is a sleeve antenna indicated by above-mentioned JP,10- 
126144.A as an example of this configuration. Generating of the leakage current can 
be prevented also with the sleeve antenna of this official report. 
[001 1] Furthermore, there is a configuration called short stub loading as 4th 
configuration, and there is a gamma mold dipole antenna indicated by the patent No. 
2559001 official report as an example of this configuration. Generating of the leakage 
current can be prevented also with a gamma mold dipole antenna given [ this ] in an 
official report. 

[0012] Furthermore, a configuration called bridge circuit loading is known as 5th 
configuration, and when it is this configuration, the lumped constant circuit which 
consists of concentrated-constant components, such as L and C, is prepared 
between the antenna and the coaxial feeder again. Also by this configuration, the 
leakage current to the outside of a conductor can be mostly made into zero outside a 
coaxial feeder. 
[0013] 



[Problem(s) to be Solved by the Invention] However, since the appearance of an 
antenna became large with the 1 st inner configuration conventionally [ above- 
mentioned ] as for a configuration, when there was constraint of the installation of an 
antenna, there was a trouble that installation became difficult. On the other hand, the 
2-5th configurations can miniaturize the appearance enough. However, the 2nd, the 
3rd, and the 5th configuration had the fault that the number of production processes 
increased while the manufacturing cost became high, since components mark 
increased. 

[0014] Moreover, with the 2nd and the 3rd configuration, if it is going to broadband- 
ize the frequency characteristics, the antenna element of a sleeve antenna will have 
to be made thick and the fine sight of the appearance of an antenna will worsen. 
Furthermore, the 4th and the 5th configuration are narrow-band properties, and had 
the fault that-izing could not be carried out [ broadband ]. Furthermore, with the 5th 
configuration, there was also a fault that adjustment of a frequency took time and 
effort again. 

[0015] then, the purpose of this invention is to be able to miniaturize a configuration, 
able to prevent the increment in components mark, and able to prevent generating of 
the leakage current as much as possible, and offer the antenna equipment whose 
frequency characteristics are also broadbands and which is often alike and is made. 
[0016] 

[Means for Solving the Problem] While according to invention of claim 1 having 
arranged the coaxial feeder so that it may meet in the direction of the main 
polarization mostly, it constituted so that the 1 st antenna element connected to the 
central conductor of a coaxial feeder may be arranged so that it may meet in the 
direction of the main polarization mostly, and the point of the 1st antenna element 
might be bent and the point of the 2nd antenna element connected to a conductor 
outside a coaxial feeder might be bent. Thereby, the configuration of the dipole 
antenna of a 1/2-wave system can be miniaturized, and even if there is constraint of 
an installation, it can install, moreover, the increment in components mark can be 
prevented and frequency characteristics are also broadbands further — it can often 
be alike and can carry out. 

[0017] Since it considered as the configuration which establishes a notch or a crevice 
in the part approaching the coaxial feeder in the 2nd antenna element, and establishes 
a distance required between the 2nd antenna element and a coaxial feeder according 
to invention of claim 2, both electric (electrostatic-capacity target) association can 
be made small, and the leakage current can be made small as much as possible. 
[0018] Since according to invention of claim 3 the 2nd antenna element has been 
arranged so that it may keep away from said coaxial feeder, both electric 
(electromagnetic-induction target) association can be made small, and interference 
with the current which flows a 2nd antenna element top, and the leakage current 
which flows a coaxial feeder can be reduced. 



[0019] In invention of claim 4, while having arranged the 2nd antenna element so that 
it may become slanting to a coaxial feeder, it considered as the configuration which 
prepares the notch for establishing distance between said coaxial feeders at the point 
in the 2nd antenna element which is bent and approaches a coaxial feeder. According 
to this configuration, interference with the current which flows a 2nd antenna element 
top, and the leakage current which flows a coaxial feeder can be reduced. And the fall 
of the main vertically-polarized-wave component of an antenna when carrying out 
vertical disposition of the antenna can be prevented, and horizontal directivity can be 
strengthened. Moreover, the leakage current can be made small as much as possible. 
[0020] 

[Embodiment of the Invention] Hereafter, the 1 st example of this invention is 
explained, referring to drawing 1 thru/or drawing 5 . First, drawing 1 is drawing 
showing the whole antenna equipment 1 configuration of this example. Among these, 
drawing 1 (a) is the front view of the above-mentioned antenna equipment 1, drawing 
1 (b) is the side elevation of the antenna equipment 1 seen from the left in drawing 1 
(a), and drawing 1 (c) is the bottom view of the antenna equipment 1 seen from the 
method of drawing 1 (a) Nakashita. 

[0021] The above-mentioned antenna equipment 1 is used as an external connection 
antenna of the terminal (mobile station) of the cellular phone of for example, a 
800MHz band, and consists of dipole antennas of a 1/2-wave system. This antenna 
equipment 1 consists of the 1st antenna element 2 which is an antenna element by 
the side of forward, the 2nd antenna element 3 which is an antenna element of a 
negative side, and a coaxial cable 5 to which the end section was connected at the 
feeding point 4. The above-mentioned coaxial cable 5 constitutes a coaxial feeder, 
and as shown in drawing 2 , a central conductor 6 and this central conductor 6 
consist of [ conductor / 8 ] sheaths 9 covered and protected a conductor 8 and this 
outside wrap outside in the wrap insulator 7 and this insulator 7. And it is arranged so 
that end section 5a of a coaxial cable 5 may be prolonged along the direction of a 
perpendicular (namely, vertical). That is, the coaxial cable 5 has composition arranged 
so that it may meet in the direction of the main polarization mostly. 
[0022] The 1st antenna element 2 bends a long and slender tabular conductor at a 
right angle mostly at Point B and Point C, respectively, is formed, and has vertical 
section 2a, 1st bending section 2b, and 2nd bending section 2c. Here, vertical section 
2a is arranged so that it may extend along the direction of an axis of end section 5a 
of a coaxial cable 5 (perpendicular direction in this case). Thereby, the 1st antenna 
element 2 has composition arranged so that it may meet in the direction of the main 
polarization (perpendicular direction) mostly. And as shown in drawing 2 , the central 
conductor 6 of a coaxial cable 5 is connected to the lower limit section of vertical 
section 2a by soldering. 

[0023] Moreover, the 2nd antenna element 3 bends a long and slender tabular 
conductor acutely at Point D, is further bent and formed mostly in the right angle at 



Point E, and has ramp 3a, 1st bending section 3b, and 2nd bending section 3c. Here, 
ramp 3a is arranged so that it may extend towards a slanting lower part to the 
direction of an axis of end section 5a of a coaxial cable 5 (perpendicular direction in 
this case). A paraphrase arranges ramp 3a so that it may keep away from end section 
5a of a coaxial cable 5. And as shown in drawing 2 , the conductor 8 is connected to 
the upper limit section of ramp 3a by soldering outside the coaxial cable 5. 
[0024] Furthermore, 3d of notches is formed in the left half part in drawing 1 (c) in 
the part approaching the coaxial cable 5 of the 1st bending section 3b, and this case. 
And as shown in the 2nd whole bending section 3c at drawing 1 (b) and (c) in the part 
approaching the coaxial cable 5 of the 2nd bending section 3c, and this case, notch 3e 
is formed. It has the composition that end section 5a of a coaxial cable 5 is arranged 
inside these notches 3d and 3e. That is, Notches 3d and 3e are for establishing the 
distance optimal between the 2nd antenna element 3 and end section 5a of a coaxial 
cable 5. 

[0025] And in the above-mentioned configuration, as shown in drawing 1 (a), each 
die-length dimension d1 of the die-length dimension d1 of the longitudinal direction of 
antenna equipment 1, i.e., 1st bending section 2b of antenna elements 2 and 3, and 3b 
is set as the die length of the abbreviation 1/10 of the wavelength of a use electric 
wave (frequency), and the vertical lay length dimension d2 of antenna equipment 1 — 
about [ of the wavelength of a use electric wave (frequency) ] — it is set as one 
fourth of die length. Furthermore, as shown in drawing 1 (b), the die-length dimension 
d3 of the longitudinal direction in drawing 1 [ of antenna equipment 1 ] (b) is set as 
the die length of the abbreviation 1/20 of the wavelength of a use electric wave 
(frequency). 

[0026] Moreover, the above-mentioned antenna elements 2 and 3 and end section 5a 
of a coaxial cable 5 are held, for example in the case made from plastics (not shown) 
which is a dielectric. This case consists of lids which blockade a rectangle container- 
like case principal piece and opening of this case principal piece. Arranging and 
holding antenna elements 2 and 3 and end section 5a of a coaxial cable 5 in the 
interior of a case principal piece so that it may become an arrangement gestalt as 
shown in drawing 1 is constituted possible. Furthermore, if opening of a case principal 
piece is blockaded with a lid in this condition of having arranged, it is constituted so 
that each part article may be fixed with the above-mentioned arrangement gestalt. 
And a coaxial cable 5 penetrates the bottom wall of the above-mentioned case, and is 
drawn outside. Moreover, the connector (not shown) for connecting with the 
transmitter-receiver of a cellular phone (mobile station) is prepared in the other end 
of a coaxial cable 5. 

[0027] Next, with reference to drawing 3 thru/or drawing 5 , actuation of the antenna 
equipment 1 of a configuration of having described above, i.e., the actuation which can 
reduce the leakage current, is explained. Here, the antenna equipment 10 shown in 
drawing 3 is arranged so that the 2nd antenna element 12 may also be prolonged 



below (being parallel) along the direction of an axis of a coaxial feeder 5, while 
arranging the 1st antenna element 1 1 so that it may extend upwards along the 
direction of an axis of a coaxial feeder 5. In addition, it can be said that such antenna 
equipment 10 of a configuration is equipment with the easiest whole structure as 
antenna equipment constituted by connecting a coaxial cable to a 1/2-wave system 
dipole antenna. 

[0028] And in above-mentioned drawing 3 , a curve P1 shows the current distribution 
of the leakage current of the outside of a conductor 8 outside a coaxial cable 5, a 
curve P2 shows the current distribution of the antenna resonance current, a curve 
Q1 shows the distribution of voltage of the leakage electrical potential difference of 
the outside of a conductor 8 outside a coaxial cable 5, and the curve Q2 shows the 
distribution of voltage of antenna resonance voltage. In drawing 3 , the arrow head A1 
of a broken line shows the direction and magnitude of a current which flow the central 
conductor 6 of a coaxial cable 5. Moreover, the arrow head A2 of a broken line The 
direction and magnitude of a current which flow the front face inside a conductor 8 
outside a coaxial cable 5 are shown. The arrow head B1 of a continuous line The 
direction and magnitude of a current which flow antenna elements 2 and 3 are shown, 
arrow-head B-2 of the thick wire of a continuous line shows the direction and 
magnitude of a current which flow the front face of the outside of a conductor 8 
outside a coaxial cable 5, and arrow-head B-2 of this continuous-line thick wire 
shows the leakage current. 

[0029] If an electric wave arrives at antenna equipment 10 in the above-mentioned 
configuration, an antenna element 2 and the current by which induction was carried 
out on three will flow so that the central conductor 6 of a coaxial cable 5 is flowed 
from the antenna element 2 by the side of forward, it may pass along the load 13 of a 
receiver, and the inside of a conductor 8 may be flowed outside a coaxial cable 5 and 
it may branch on the outside of a conductor 8 outside the antenna element 3 of a 
negative side, and a coaxial cable 5. At this time, the current which flows on the 
outside of a conductor 8 outside a coaxial cable 5 turns into the leakage current, and 
calls this the leakage current of a path 1. 

[0030] Outside the coaxial cable 5 arranged apart from the leakage current of this 
path 1 so that it may become parallel physically an antenna element 12 top, by the 
outside of a conductor 8, and electrical coupling (electrostatic-capacity-association 
or electromagnetic-induction-association) with an antenna element 12, there is a 
current revealed to the front face of the outside of a conductor 8 outside the direct 
coaxial cable 5 from an antenna element 12, and this is called the leakage current of a 
path 2. And what the leakage current of the above-mentioned path 1 and the leakage 
current of the above-mentioned path 2 superimposed serves as the whole leakage 
current. 

[0031] Here, it supplements about the generating factor of the leakage current of the 
above-mentioned path 2. Although, as for the current which flows an antenna element 



12 top, and the current which flows the outside of a conductor 8 outside a coaxial 
cable 5, the amplitude value changes with differences in direct current resistance 
strictly, the phase is almost the same. Therefore, in the component which becomes 
parallel physically, it is [ large ] comrades despite a current value, and comrades 
despite an electrical-potential-difference value, and the amount of electrical coupling 
becomes large, consequently the leakage current becomes large. [ large ] 
[0032] Now, the configuration considered easily is the 1st configuration which the 
conventional technique explained by the way as a configuration which reduces the 
effect of the above-mentioned leakage current. With this configuration, as shown in 
drawing 1 1 , a coaxial cable 23 is made to intersect perpendicularly and electric power 
is supplied to the antenna elements 21 and 22 of the dipole antenna of a 1/2-wave 
system. In this case, although it is physically close, since the large place of current 
distribution 11 and 12 lies at right angles, association of the outside of a conductor is 
zero fundamentally outside an antenna element and a coaxial feeder. Moreover, 
electrical coupling becomes small in order that distance may leave physically the large 
place of distribution of voltage V1 and V2. Therefore, the effect of the leakage 
current can be reduced enough. However, since the appearance of antenna equipment 
becomes large, this configuration has the trouble that installation becomes difficult, 
when there is constraint of the installation of antenna equipment. 
[0033] Then, this invention person considered the antenna equipment 14 of a 
configuration as shown in drawing 6 . It constituted from this antenna equipment 14 
so that only a coaxial cable 5 and the 2nd antenna element 15 of a negative side 
might be made to cross at right angles. According to this configuration, while being 
able to make the appearance of an antenna small, electrical coupling of the 2nd 
antenna element 15 and a coaxial cable 5 can be made small, and the leakage current 
can be made small. However, when using it in the above-mentioned configuration, 
carrying out vertical disposition of the antenna equipment 14, the main vertically- 
polarized-wave component of an antenna becomes small, and it is possible that the 
transceiver engine performance of an antenna falls. In addition, about the concrete 
configuration of this antenna equipment 14, it mentions later. 

[0034] On the other hand, this invention person invented the antenna equipment 1 of 
this example of a configuration as shown in drawing 1 , in order to suppress the fall of 
the main vertically-polarized-wave component of an antenna to the minimum, while 
making small interference (electrical coupling) with a conductor 8 outside an antenna 
element and a coaxial cable 5. 

[0035] In the case of this antenna equipment 1, it has extended in the direction in 
which the 2nd antenna element 3 keeps away from the feeding point 4 (namely, 
coaxial cable 5) in the big part of current distribution, i.e., a slanting lower part, to the 
coaxial cable 5 prolonged in vertical down. For this reason, interference (electrical 
coupling) with a conductor 8 becomes comparatively small outside an antenna 
element 3 and a coaxial cable 5. 



[0036] Moreover, about the leakage current of the above-mentioned paths 1 and 2, in 
the case of antenna equipment 1, it is a big part by the side of the open end (tip) of 
the 2nd antenna element 3 (i.e., distribution of voltage), and since the bending 
sections 3b and 3c of an antenna element 3 approach a coaxial cable 5, electrical- 
potential-difference association may occur. On the other hand, Notches 3d and 3e 
were formed in the bending sections 3b and 3c of an antenna element 3, and it 
constituted from above-mentioned antenna equipment 1 so that the distance optimal 
between the 2nd antenna element 3 and end section 5a of a coaxial cable 5 might be 
established. Thereby, since the above-mentioned electrical-potential-difference 
association can be made small, it becomes possible to reduce the leakage current. 
[0037] Here, the magnitude of the leakage current, the directivity of an antenna, and 
gain were measured by experiment about the antenna equipment 1 of this example. 
And the data measured and obtained are shown in drawing 4 and drawing 5 . In 
drawing 4 , an axis of ordinate is the relative value (dB value) of the leakage current, 
and an axis of abscissa is a location (unit cm) from the feeding point 4 in a coaxial 
cable (feeder). Moreover, drawing 5 shows the directivity in the inside of the free 
space of antenna equipment, and gain. In addition, the frequency of the electric wave 
used for measurement of the data of drawing 4 and drawing 5 was made into the 
numeric value equivalent to the resonance frequency of antenna equipment 1. 
[0038] And in drawing 4 , a curve R1 is data of the antenna equipment 1 of this 
example. This curve R1 shows clearly that association with an antenna element 3 and 
a coaxial cable 5 is small, i.e., the leakage current is reduced, with the above- 
mentioned antenna equipment 1. Moreover, in drawing 5 , a curve S1 is data of the 
antenna equipment 1 of this example. This curve S1 shows clearly that the average 
gain within a horizontal plane is high, and directive deflection is small, i.e., the fall of 
the main vertically-polarized-wave component of an antenna is suppressed to the 
minimum, with the above-mentioned antenna equipment 1. In addition, about the 
curves R2 and R3 in drawing 4 , and the curves S2 and S3 in drawing 5 , it mentions 
later. 

[0039] Next, drawing 6 shows the 2nd example of this invention, and explains a 
different place from the 1 st example. In addition, the same sign is given to the same 
part as the 1 st example. It constituted from the 2nd example of the above so that a 
coaxial cable 5 and the 2nd antenna element 15 of the negative side of antenna 
equipment 14 might be made to cross at right angles. 

[0040] The 2nd antenna element 15 was extended from the feeding point 4 to the 
method of drawing 6 Nakamigi, and, specifically, is mostly bent at the right angle at 
Point F and Point G, respectively, making the appearance of antenna equipment 14 
into the almost same magnitude as the 1st example according to this configuration — 
that is, it can be made small. Moreover, electrical coupling of the 2nd antenna element 
15 and a coaxial cable 5 can be made small, and the leakage current can be reduced. 
[0041] However, when it is used in the case of the 2nd example of the above, having 



carried out vertical disposition of the antenna equipment 14, the main vertically- 
polarized-wave component of an antenna becomes small, and the transceiver engine 
performance of an antenna falls compared with the 1st example. However, this 
transceiver performance degradation can actually use the above-mentioned antenna 
equipment 14 enough so greatly. 

[0042] In addition, the configuration of the 2nd example except having mentioned 
above has the same composition as the configuration of the 1 st example. Therefore, 
also in the 2nd example, the almost same operation effectiveness as the 1st example 
can be acquired. 

[0043] Drawing 7 shows the 3rd example of this invention, and explains a different 
place from the 1 st example. In addition, the same sign is given to the same part as 
the 1st example. In the 3rd example of the above, it has arranged so that the 2nd 
antenna element 17 of the negative side of antenna equipment 16 may be extended 
below in accordance with the shaft orientations (the direction of a vertical) of a 
coaxial cable 5. 

[0044] The 2nd antenna element 1 7 was extended from the feeding point 4 to the 
method of drawing 7 Nakashita, and, specifically, is mostly bent at the right angle at 
Point H and Point I, respectively, making the appearance of antenna equipment 16 
into the almost same magnitude as the 1st example according to this configuration — 
that is, it can be made small. Moreover, when it is used having carried out vertical 
disposition of the antenna equipment 16, the main vertically-polarized-wave 
component of an antenna does not become small, but it can prevent that the 
transceiver engine performance of an antenna falls. 

[0045] However, since the electrical coupling of the 2nd antenna element 1 7 and a 
coaxial cable 5 becomes large in the case of the 3rd example of the above, the 
leakage current becomes large. However, increase of this leakage current can actually 
use the above-mentioned antenna equipment 16 enough so greatly. 
[0046] Moreover, the magnitude of the leakage current, the directivity of an antenna, 
and gain were measured by experiment about the antenna equipment 16 of the 3rd 
example. The curve R2 of drawing 4 and the curve S2 of drawing 5 show this 
measurement result. In addition, the configuration of the 3rd example except having 
mentioned above has the same composition as the configuration of the 1st example. 
Therefore, also in the 2nd example, the almost same operation effectiveness as the 
1st example can be acquired. 

[0047] Drawing 8 and drawing 9 show the 4th example of this invention, and explain a 
different place from the 1st example. In addition, the same sign is given to the same 
part as the 1 st example, comparatively small instead of forming 3d of rectangle-like 
notches in bending section 3b of the 2nd antenna element 3 in the 4th example of the 
above — it constituted so that 3f of semicircle-like crevices might be formed mostly. 
And end section 5a of a coaxial cable 5 is arranged inside 3f of this crevice, and it 
constitutes so that the distance between the 2nd antenna element 3 and a coaxial 



cable 5 may turn into optimal distance. Since electrical-potential-difference 
association with the 2nd antenna element 3 and a coaxial cable 5 can be made small 
also in this configuration, the leakage current can be reduced. 

[0048] Moreover, the magnitude of the leakage current, the directivity of an antenna, 
and gain were measured by experiment about the antenna equipment 1 of the 4th 
example. The curve R3 of drawing 4 and the curve S3 of drawing 5 show this 
measurement result. In addition, the configuration of the 4th example except having 
mentioned above has the same composition as the configuration of the 1st example. 
Therefore, also in the 4th example, the almost same operation effectiveness as the 
1st example can be acquired. 

[0049] Now, according to above-mentioned drawing 4 , it is the order of curves R1, 
R3, and R2, namely, it turns out that the leakage current is small in the order of the 
1st example, the 4th example, and the 3rd example. And according to drawing 4 and 
drawing 5 , antenna equipment with the smaller leakage current is known by that the 
directivity of an antenna and the effect on gain are small. Therefore, it is the order of 
curves S1, S3, and S2, namely, while the average gain within a horizontal plane 
becomes high in the order of the 1st example, the 4th example, and the 3rd example, 
it turns out that directive deflection is small. 

[0050] In addition, while forming the notch for arranging end section 5a of a coaxial 
cable 5 in partial 17a prolonged along with the coaxial cable 5 of the 2nd antenna 
element 1 7 in the 3rd example shown in drawing 7 3f of crevices of the 4th example 
of the above and the crevice (not shown) of the almost same configuration may be 
formed in 1st bending section 17b of the 2nd antenna element 17, and you may 
constitute so that end section 5a of a coaxial cable 5 may be arranged this crevice 
and inside the above-mentioned notch. In this configuration, the leakage current can 
be reduced and it becomes antenna equipment equipped with the much more 
desirable property from the 4th example of the above. 

[0051] Drawing 10 shows the 5th example of this invention, and explains a different 
place from the 1 st or 3rd example. In addition, the same sign is given to the same part 
as the 1st or 3rd example. In the 5th example of the above, it has arranged so that 
the 2nd antenna element 17 of the negative side of antenna equipment 1 may be 
extended below along the direction of a vertical. The 2nd antenna element 17 was 
extended from the feeding point 4 to the method of drawing 10 (a) Nakashita, and, 
specifically, is mostly bent at the right angle at Point H and Point I, respectively. 
Thereby, the 2nd antenna element 17 has vertical section 17a, 1st bending section 
17b, and 2nd bending section 17c. 

[0052] And end section 5a of a coaxial cable 5 is connected at the feeding point 4. In 
this case, the coaxial cable 5 is connected so that it may intersect perpendicularly 
with antenna elements 2 and 1 7 mostly. Furthermore, the coaxial cable 5 is arranged 
so that it may extend towards the drawing 10 (a) Nakamigi slanting lower part from 
the feeding point 4. In this case, although the orientation of a coaxial cable 5 is a 



slanting lower part, it can be said that the coaxial cable 5 is arranged so that it may 
meet in the direction of the main polarization (the direction of a vertical) mostly. 
[0053] Furthermore, 1 7d of notches is formed in the drawing 1 (c) Nakamigi half 
section in the part approaching the coaxial cable 5 of the 1st bending section 17b of 
the 2nd antenna element 17, and this case. Moreover, as shown in the 2nd whole 
bending section 17c at drawing 1 (b) and (c) in the part approaching the coaxial cable 
5 of the 2nd bending section 17c of the 2nd antenna element 17, and this case, notch 
17e is formed. It has the composition that a coaxial cable 5 is arranged inside these 
notches 17d and 17e. That is, Notches 17d and 17e are for establishing the distance 
optimal between the 2nd antenna element 17 and a coaxial cable 5. 
[0054] And the coaxial cable 5 has composition which penetrates the right end 
section of the bottom wall of the case (not shown) of an antenna, and is drawn 
outside. In this case, the coaxial cable 5 is pulled out so that it may meet in the 
direction of the main polarization from the case of an antenna. In addition, the 
configuration of the 5th example except having mentioned above has the same 
composition as the configuration of the 1st example. 

[0055] making the appearance of antenna equipment 1 into the same magnitude as 
the 1st example according to the 5th example of the above — that is, it can be made 
small. Moreover, while the engine performance of the antenna equipment 1 of the 5th 
example is almost the same as the engine performance of the antenna equipment 1 of 
the 1st example and being able to reduce the leakage current as much as possible, 
the fall of the main vertically-polarized-wave component of an antenna can be 
suppressed to the minimum. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The 1 st example of this invention is shown and, for the front view of 
antenna equipment, and (b), the side elevation of antenna equipment and (c) are [ (a) ] 
the bottom view of antenna equipment. 

[Drawing 2] The expanded sectional view of the feeding point circumference of 
antenna equipment 

[Drawing 3] Drawing showing the current distribution and distribution of voltage in 
antenna equipment 

[Drawing 4] The property Fig. showing the relation between the leakage current and a 
coaxial feeder location 

[Drawing 5] The property Fig. showing the directivity in the inside of the free space of 
antenna equipment, and gain 



[Drawing 6] The drawing 1 (a) considerable Fig. showing the 2nd example of this 
invention 

[Drawing 7] The drawing 1 equivalent Fig. showing the 3rd example of this invention 
[Drawing 8] The partial perspective view of the 2nd antenna element showing the 4th 
example of this invention 
[Drawing 9] Drawing 1 (c) considerable Fig. 

[Drawing 10] The drawing 1 equivalent Fig. showing the 5th example of this invention 
[Drawing 1 1] The drawing 3 equivalent Fig. showing a configuration conventionally 
[Description of Notations] 

1 — antenna equipment and 2 — the 1st antenna element and 3 — the 2nd antenna 
element and 4 — the feeding point and 5 — a coaxial cable (coaxial feeder) and 6 — 
a central conductor and 7 — an insulator and 8 — outside — a conductor and 10 — 
antenna equipment and 11 — in the 1st antenna element and 12, the 2nd antenna 
element and 16 show antenna equipment, and, as for the 2nd antenna element and 14, 
17 shows the 2nd antenna element, as for antenna equipment and 15. 
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» 1 ©HJBffillclk^TfiTr*. L*^L, C©^Sffltt 
[0 0 4 2] fpj, ±J!iL ftJ-X^©m 2 ©HfifS0lJ©8SfS 



(6) 
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[0043] 07 \i*%m>n 3 ©*««**■*■«»©■? 
*i©£tt*jfcjift*£E3*iJiiii3*-*. fa, » 

1 ©*««!£ H-ffl#KW\ BMrafcttLTC"*. ± 
IBSS3©*»fliJ?W:» 7>7t8l1 6©fiffliJ©fS2© 
7>7tI^Vh17^ Pia-7— 7jU5©Ib*Ir1 

[0 0 4 4] a^WlCli, f2©7>xtlU^>H 
7£, <H»£i4frSH7(t>T*^Etf U dH£AI? 

icm y ft tf t ^ « o z. cotnmiz a n 

CttZlztZZts BPB, /J^<-r«C<!:3B ? T'*5o 

7*>x*©±Mffl*ja#i!M*<fcs-3\ 7>x 

[0 0 4 5] fcfcU ±iS£3©HMIJ©lf£, IS 2© 
7VftI^>H 7£H«*-:7/U5£©««W*6- 

^3b^<ssci6^5s *s«aii#**<a:*. l# 

U Z©SBMreft©J»*tt, **lS ±B 
[0 0 4 6] J!3 0*«fi!l©7Vx«Wl 6JC 

iR2i, 05Ofl»SS2T^-r= ±aLfc«*M> 

as 3 ©gjtwaflijsii* * i <D*mma>mi&t u*tm 

[0047] 0 8 SOU 9 tt*5P£(DlfS 4 ©£tt0!l&CT 

ft©-?*';* m-wmmmtrnzztzzzmw-? 

5 0 fS, HlO!l«ffiltnHB»lctt, IrMW*«L 
Tl^o ±IBSS4 ©*««?«, S2ff)7>?tlb> 
> h 3 <D}/rffiBP 3 blc®Btt<0iHfcS3 d*flSi«r«ft 

frytc ttttto'j^B£¥pjtt©M»3 f *jg»ar* 

.fcdtcMfigLfco *LT, C0IH1933 f cr>F*3gPtcfp]$4^ 
-^;U5 0-JjBSB5a*E«U ^2©7>ftlM 

y y 3 tratt^- 7;b5 ioiBoDffiittfaiSftEBta 

S.fcdlcfcjaLfcfc©?**. £©tlfi)6©l§£t., 312 
<DTy^±T. is* y h 3 tmfltf— 7;u 5 t<o«E«© 

[0 0 4 8] g-fc, «4©WMI©3'>x^Mll=0 

<k^ns»c«fcyjjiusL/co coasea*, 04©[&m 

R3t, H5©ft«S3T^r. ffi, ±5ELfcWfl-©S 

4 ©nasai©*^*, n 1 ©*«s0y©«i?E£ n uanst 

4oTt**. ffi^T, H4©Hfite«yiCte^Tt,s mi© 



[0 0 4 9] d:T, ±EH4tC«J:tl«, IIR1, R 
3, R2©IHT\ BPB, af1©£ttftL *4©*«ffils 

as 3 omfloMTs raratftits < ftowi c £ 

tftofr*. fLT> 04M>'0 5lCcfc*ltf', 2K«3iEtf 
'J vf ^ 3» V x *8BH if, 7Vft ©SlSttStffWN 

SI, S3, S2©I1T\ IPB, SfSl©*ffiflJ, SfS4© 
USSR *3©*««l©ie?v 7*¥®rt©¥*D*'JfftfK 
< ititmc »iRj14ffl»tW»3- < fto E £ to 

[0 0 5 0] fS, H7lESfSB3©*MffillCfel"T» £ 
2©7>ftlU^yH 7©3B©|W)ft^- 7;U5lC 
»oTitf««»1 7alC RM4-- 77U5©-aSS35 
a*K«r*fc46©«J*S*fl5ffir*t»tC. M2©7 
>X7-X V M 7 ©SS 1 ©ffl&fl: 1 7 b It, ±!BH 

4©*»«]©ia»3 f tHffipii;jBtt©ia» (rootL* 

7) b 5 ©-4SSP 5 a £@BKT 5 «t o (Ctttf L T & l\ 
^©«JS©«^, ±IB* 4 ©*«««!: »Jt,» 

ear* c ttf t*» cfc y-«» $ L^ftfezmztcT 

[0 0 5 1] 010 l**fgB^©»l 5 ©HJMU4ST*© 
T*y, SSI ffcl*3l3©IISS^J(!:S'5:S<!:C5^i«0^ 

r«o h« ssi«fti*ss3©iiaE«iji:i^-si5»ittt, 

-ff§^LTU5„ ±fBH 5 ©Itl&flJTH*, 7>7t 
g»1©ftffliJ©SS2©7V7 1 T-xuyvh 1 7£, tBB 

li, SI2CDZ>7 1 T-xU^Vh 1 7^, *s«^[4A'eia 
1 0 (a) +-F*^ffil*U jfl[HtjaiTth«lBtf 
■ftlCSfyftlfTL^. CltllCcty, »287VttI 
U/>h1 7li, MSP1 7atllfl)fJTWl 7bi 
MS2©J/fffiSP1 7ct**LT^«. 

[0 0 5 2] *LT, IWItt^-^U 5 ©-4SSP 5a?fg 
«j£4lc»«LTV*. C©^, WB*^— 7;U5tt, 
7>x7"XU^>h2, 1 7tc«{a?ilXr*«J:5lc»« 
MtC |S)«^— 7;U5li, *&1^4^bH 
10(a) 4"fe?446T^lC[R)l7T5It>'5cfc3^iBH5-n 

tCB«»5 £ 5 iciBa* tlTf* tVZZ. 

[0 0 5 3] MIC, m2©7>7 1 ^-xUp<>h 1 7©MI 
1©»t«»1 7 b©5"B©llltt'7--^;l/5lc]a^<SI? 

C©Jf^, ll 1 (c) +£¥9HC, 7dtf 
JKfi!t**lT^*o S/c, H2©7 7 >x^-xUp<>h 1 7 
©M2©J/rfia31 7 c©55©E)*M— ^U51CJ4#< 
aJ»x d©J§^, M2©J/fffigl31 7c5)lftlt, 01 

(b) , (c) lo^-Tcfcdlc, W*an 7etfJB(«*ti 
Tt^So ^+l6W^SI51 7d, 1 7e©l*lBPlt, mWr 

17d, 1 7ett, 3S2©7>7 l txUy>h1 7tB 
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[0 0 5 4] *LT, PBtt^— ^/U5tt» TyrtWr 
-X (BSLftW ©TfflH©£HHS*»iiLTtt's» 

I*. 7>ftO*- X»6±«t&lRll=»3J:3lc3l# 
[0 0 5 5] ±E»5©*«ffillC«ttltf» ZVx^gS 

i©^jb*. »io*«ffiitrai;***icr«ctx fin 

«C 

[ssoffi^&UiW] 

[0 1 ] *»«!©« 1 ©«IM!*wTti©T*y» 
(a) ttZvy^fflflMEBM, (b) liT'Vx^B 
©ffiffi0. (c) tt7>x*SH©TBIBI 
[02] 7>x*i£E©^«£ja2©ffi*»Tffi0 
[03] 7>T^««tC*iit*«s(t»fti:«E#**S 



T0 

[04] »a«^^rae«kffiB^©B8ff«/7ri$tt 
0 

[05] 7Vx*£«©ga£M*?©SlP]tti:fy»£ 
[06] *%^©Xl2©Sltt«y«^-ri91 (a) ffiS'0 

[0 7 ] *rih©)k 3 commm^rm iwm 

[08] **W©*4©SIMfl|*S-rW2©7>7 ; ^i 

u*vh©»#»aiH 

[09] 01 (c) *BS0 

[01 0] *«H©£5©«ffi0J«^-riai4BMil8l 

[011] fif*«fi2^-r0 3ffi^0 

[f?*©«t93] 

1B7>ftffl. 2ttSSl©7Vx*-xb*>K 3 
l**2©7>TtlWVh. 4ttte*j£u 5ttRWft^ 
(l3tttt«M) » 6l**iNHfc 7fcMMWfc 8 
ttfMWfc lOttT'Vx^-gS. 11liI1C7Vft 
IW>K 1 2tt»2©7 , V^-xU;*;/K 14(* 
7Vf^-81, 15li»2©7VftII/P<>K 16 
ttT'V^SW. 17ttSS2C7>TtI^Vh*S 

r. 



[01] 



[02] 
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